The adherence of enteropathogenic Escherichia coli (EPEC) to the small bowel mucosa is an important step in the pathogenesis of diarrheal diseases. It has been shown that many EPEC strains adhere to HEp-2 and especially HeLa cells in characteristic patterns termed localized adherence (LA) and diffuse adherence (DA). A plasmid-derived DNA fragment encoding a factor specific for LA hybridized only to EPEC strains expressing LA, which demonstrated that LA and DA are mediated by two genetically distinct adhesins. EPEC strain 2787 (0127:H27), isolated from a case of infantile diarrhea, exhibited three major properties: (i) it showed DA to HeLa cells, (ii) it carried two large (ca. 100-kilobase [kb] ) plasmids and one small plasmid of about 3 kb, and (iii) no fimbriae could be detected by electron microscopy in organisms grown on agar plates or in liquid cultures. Whole isolated plasmid DNA was partially digested with EcoRI and cloned into the vector pBR322. One recombinant clone (pIB6) was found to exhibit the same DA pattern on HeLa cells as did the parent strain. This clone contained an 11-kb DNA fragment derived from the largest of the three plasmids, as shown by Southern hybridization. By deletion analysis, a 6.0-kb DNA fragment was shown to be sufficient for expression of the DA phenotype. This insert encoded the production of a 100,000-dalton protein mediating adhesion to HeLa cells.
Enteropathogenic Escherichia coli (EPEC) strains were the first E. coli strains-recognized as important pathogens in diarrheal diseases (10) . Today, EPEC strains persist as a major bacterial cause of neonatal and infantile gastroenteritis throughout the world. Especially in developing countries, these strains contribute significantly to the extremely high mortality rates observed in certain areas among very young children. However, despite the recognized clinical and epidemiological impact of EPEC-caused diarrheal diseases, the virulence mechanisms used by these intestinal pathogens are only now beginning to be unraveled.
Originally, EPEC strains were classified by serotype (10), with 026, 055, 086, 0111, 0125, 0126, 0127, and 0128 being the most common serotypes observed. The term EPEC is now more often used to denote E. coli strains that cause diarrhea but do not produce heat-stable or heat-labile enterotoxins and are not invasive according to the Sereny test (12) . Some strains, however, have been found to produce cytotoxins distinct from heat-stable or heat-labile toxin, such as Shiga-like toxin (19) , which might also act as enterotoxins. As indicated by histopathological studies, adherence of EPEC to the intestinal mucosa seems to be of prime importance for the pathogenesis of EPEC-caused diarrhea (8, 9, 20) . Attachment parallels the local effacement of microvilli of brush border membranes. These observations, together with the demonstrated importance of adhesins for the virulence of other intestinal and extraintestinal pathogenic E. coli strains, prompted investigations into the role of adhesins in EPEC-caused diarrheal diseases.
By using the attachment of EPEC strains to HeLa and HEp-2 cells in tissue culture as model systems, two distinct patterns of adherence were observed: localized adherence (LA), in which bacteria attach to certain areas of the cell surface and form microcolonies, and diffuse adherence (DA), in which bacteria adhere evenly to the whole cell (18, * Corresponding author. 22 ). An additional "aggregative pattern" of adherence was recently described by Vial et al. (23 (15) . The DNA was electrophoresed in 0.8% agarose gels, stained with ethidium bromide, and visualized by UV illumination. Transformation procedures followed the protocol given by Mandel and Higa (14) .
Isolation of restriction endonuclease-generated DNA fragments. DNA fragments generated by digestion with endonucleases were separated by electrophoresis in 0.8% agarose gels and stained with ethidium bromide. After excision of the respective bands, the DNA was electroeluted to DEAE paper. Specific DNA fragments were isolated from DEAE paper with 1.5 M NaCl in TE buffer (10 (5) . The eluted DNA fragments were radioactively labeled with [a-32P]dCTP by using a nick translation kit (Boehringer GmbH, Mannheim, Federal Republic of Germany). The isolated plasmid DNA to be probed was electrophoresed through a 0.8% agarose gel. The DNA was depurinated by being washed with 0.25 N HCI for 20 min, denatured with 0.5 M NaOH for 20 min, and neutralized with 0.5 M Tris hydrochloride (pH 7.5) containing 1.5 M sodium chloride for 20 min. The fragments were transferred overnight to nitrocellulose filters with 2x SSC solution (300 mM sodium chloride, 30 mM sodium citrate [pH 7.0]) by capillary action. The filter was incubated for 2 h at 80°C. For hybridization with the 32P-labeled DNA fragment, the filter was preincubated for 1 h at 42°C in 50 mM sodium phosphate (pH 6.5) containing 50% formamide, 5 x SSC, and 1x Denhardt solution (0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin). The radiolabeled DNA probe was denatured by boiling in the prehybridization solution and then added to the nitrocellulose filters. Incubation continued at 42°C overnight. The filters were then washed under stringent conditions (50°C) twice with 2 x SSC-0.1% sodium dodecyl sulfate (SDS) and twice with 0.1x SSC-0.1% SDS. The dry filters were autoradiographed with X-Omat film (Eastman Kodak Co., Rochester, N.Y.) for various times at -70°C.
Adhesin extraction. Surface-associated adhesin protein was solubilized by incubation of bacteria at 60°C for 20 min in 100 mM sodium phosphate (pH 7.0) (4).
SDS-PAGE. SDS-polyacrylamide gel electrophoresis (PAGE) was performed in a discontinuous buffer system by the method of Laemmli (10) .
RESULTS
Characteristics of EPEC isolates. Several EPEC isolates as classified by clinical manifestation of disease as well as serotype (Table 1) were assayed for ability to adhere to HeLa cells in tissue culture. All strains exhibiting either LA or DA carried several large plasmids (see Fig. 5A ). Strain 2787 (serotype 0127:H27), isolated from a case of infantile diarrhea, exhibited DA to HeLa cells and was therefore used in our study. Expression of the DA phenotype in strain 2787 was independent of growth conditions. We could not detect any fimbriae either by electron microscopy of negatively stained E. coli 2787 (Fig. 1) or by shearing of DA-positive recombinants and concentration of the supernatant, a method frequently used for detection and isolation of pili (6 (Fig. 2) .
Subcloning of DA-expressing DNA fragments. To define the smallest DNA fragment coding for functional expression of the DA phenotype, a linear restriction map of pIB6 (Fig. 3 ) was generated and further used for construction and analysis of deletion mutations in the 11-kb insert carried by pIB6 (Fig. 4) . When assayed in the HeLa cell adhesion system, only three of the constructs, pIB4, pIB7, and pIB264, were still able to confer the DA phenotype to C600 ( ( Fig. 5A) . We wanted to locate the genes responsible for expression of DA on a particular plasmid among the three harbored by the parental strain, 2787, as well as on corresponding plasmids of other EPEC strains exhibiting DA. Plasmids were purified from strain 2787 as well as from other isolates listed in Table 1 and electrophoresed through 0.8% agarose gels. After transfer to nitrocellulose, the plasmids were hybridized with the in vitro-32P-labeled, nick-translated internal 3.5-kb HindIII DNA fragment of pIB6. Binding to homologous sequences was revealed by autoradiography (Fig. 5B) . However, none of the isolated plasmids of heterologous DA-or LA-positive EPEC isolates hybridized with the HindlIl probe except the largest of the three plasmids carried by the parental strain, 2787. Therefore, the genes coding for DA in strain 2787 were located on the larger of the two approximately 100-kb plasmids. None of the other DA-positive EPEC strains tested so far carries plasmids containing sequences homologous to those of the DNA fragment used as a probe. The same results were obtained when the four small HindIII DNA fragments were used for hybridization (data not shown). Since two of the plasmid preparations tested were derived from LA-expressing EPEC strains, the adhesin mediating DA in strain 2787 is genetically distinct from the adhesin supporting LA. Detection of the adhesive protein mediating DA by SDS-PAGE. After cloning the genes encoding DA on a multicopy plasmid, we wanted to determine whether the adhesin was now produced in sufficient amounts to be detectable by SDS-PAGE. Outer membrane-associated proteins of transformants carrying plasmids pIB3, pIB6, pIB12, pIB264, and pBR322 were separated and analyzed by SDS-PAGE together with the wild-type isolate (Fig. 6) . Comparison of the protein patterns exhibited by DA-expressing and -nonexpressing mutants showed only one difference: a faint, slightly diffuse protein band migrating at approximately 100 kDa was present only in DA-expressing mutants. This result indicated that the 100-kDa protein was representative of the adhesin involved in diffuse adherence, designated AIDA-I.
DISCUSSION
The aim of this study was to characterize the DA properties of the clinical EPEC isolate 2787 and to clone and express the genes responsible for this adherence pattern in EPEC-derived nonfimbrial adhesin mediating diffuse adherence has not been described previously.
Our molecular cloning experiments revealed that the genetic determinants responsible for expression of the DA phenotype are located within a 6.0-kb DNA fragment originally derived from the larger of the two large plasmids harbored by the parental strain. This is reminiscent of the situation described for EPEC strains expressing the LA phenotype, as the genes coding for EAF have been identified on a ca. 100-kb plasmid designated pMAR2 (1) . The size of the DNA fragment necessary for expression of LA, however, can so far be reduced only. to about 20 kb (17) . Plasmids containing the 6.0-kb DNA fragment (pIB4, pIB6, pIB7, and pIB264) confer the same diffuse adherence properties to C600 as occur in 2787. SDS-PAGE analyses of the protein patterns exhibited by C600 transformed with the DA-expressing plasmid pIB4, pIB6, or pIB264, in comparison with DA-negative deletion mutations as well as pBR322-carrying transformants, indicate that a protein of approximately 100 kDa, designated AIDA-I, is responsible for the DA properties. Thus, the size of AIDA-I is comparable to the 94 kDa reported for EAF by Levine et INFECT. IMMUN. on November 6, 2017 by guest http://iai.asm.org/ Downloaded from DIFFUSE ADHERENCE OF ENTEROPATHOGENIC E. COLI 1511 EPEC strains will need to be assayed for accurate assessment of the frequency of closely related proteins among DA-exhibiting EPEC strains. Further studies are in progress to determine the biochemical characteristics of AIDA-I and to identify the structure of its receptor on intestinal cells.
